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MEASUREMENT PROCEDURES that are intended to form the technical basis of vehicle exterior sound level regulations must satisfy a number of criteria that tend to conflict with each other.
An efficient regulation requires, inter alia, that what is measured be highly correlated with the noise impact of the vehicle on the community. A regula tion that is enforceable requires a highly repeatable measurement and a regulation that is actually to be enforced must necessary be based on a simple measurement procedure. This last requirement is particularly important for regulation of the sound levels of vehicles in service.
SAE Recommended Practice J366b must be rated highly on such criteria as a basis for regulating the sound emission of a heavy duty truck at its point of manufacture. Its merits have been recognised both by the United States Environmental Protection Agency and by Transport Canada in adopting it in all essentials as the basis of their respective regulations for new vehicles. However, a drive-by procedure, such as J366b, that requires a clear site of some 7000m2 with ambient sound levels of no more than about 70 dBA is simply Impractical as a basis for effective regulation of the sound emissions from heavy trucks in SAE RP J1096 and CSA Standard Z107.22 are compared in terms of their performance as predictors of pass-by sound levels measured in accordance with SAE RP J366b. The comparinon is based on the results of tests on 60 diesel trucks covering a range of ages, sound levels and configurations. The CSA service.
At a slight cost in realism, the use of a test in which the vehicle remains stationary, such as SAE J1096, provides a useful simplification. However, a relatively quiet and rather extensive measurement site is still required by this procedure. Moreover, its use of a microphone located at 1.2m above the ground raises doubts about the repeatability of results on different sites, as noted by Piercy and Embleton (1)* among others• These considerations led to the development of Canadian Standards Association (CSA) Standard Z107.22, "Procedure for measurement of the maximum exterior sound level of stationary trucks with governed diesel engines". This procedure is notable for its use of a microphone located at 7.5m from the truck centreline and 80mm above the ground.
Although the federal government in Canada has no jurisdiction over the motor vehicle once it has entered service, it is nonetheless interested in having the effectiveness of its standards for the new vehicle maintained by appropriate provincial ♦Numbers in parentheses designate references listed at the end of the paper.
procedure is found to be at least as good a predictor of pass-by sound levels as RP J1096 and can be used on smaller and noisier sites. The results of some exploratory measurements of the effects of wind and temperature gradients on the repeatability of the two procedures are also presented and discussed. and municipal regulations. The Province of Ontario having indicated its intention to cite the new standard in its Model Municipal Noise Control By-Law (2), Transport Canada initiated the study described in the present paper. The primary purposes of the study were to evaluate the repeatability of measurements made using the new standard and to provide information on which a choice of maximum permitted sound level could be made for regulatory use of the CSA standard.
DESIGN OF THE STUDY
The basic approach selected was to compare the performance of CSA Z107.22 with that of SAE J1096 as a predictor of the sound levels measured according to SAE J366b. SAE J1096 was chosen as a standard of comparison since it was an existing alternative to the new standard and known to produce results in good agreement with SAE J366b.
In addition, an exploratory study of the relative sensitivity of the two stationary measure ment procedures to wind and temperature gradients was undertaken since it appeared possible that sound levels measured at 80mm above the ground might be significantly affected by refraction effects.
EQUIPMENT, PROCEDURES AND RESULTS
VEHICLES -A sample of 60 diesel-engined trucks was selected to cover the widest possible ranges of age, manufacture, size, configuration and state of maintenance. The oldest truck in the sample was built in 1958 while the newest was built in 1978 and still in chassis-cab form.
The quietest truck recorded only 79.3 dBA while the noisiest produced 95.7 dBA in the measurements to SAE J366b. A sub-sample of 5 trucks was selected for the exploratory study of propagation effects to include various engine, exhaust and body configurations. Table A1 of the appendix to this paper contains a summary description of each of the vehicles.
MEASUREMENTS AND INSTRUMENTATION -All measurements were carried out on an extensive paved site at the intersection of two runways of a disused airfield. The surface was flat, level and relatively free of discontinuities, except for the joints between pavement slabs.
In all test procedures, simultaneous sound level readings were obtained from four sound level meters, two on each side of the truck. GenRad 1982 Precision Sound Level Meters equipped with 1/2 inch (13mm) random incidence microphones, digital read out to 0.1 dB and maximum hold circuits were used. The AC output from the sound level meters was recorded on a Bruel & Kjaer Model 7003 tape recorder to permit subsequent analysis and verification of the data.
Each measurement was repeated a minimum of three times, even though the requirements of the relevant measurement procedure might have been met by the first two or three runs.
To compare the effects of wind and temperature gradients on the repeatability of the two stationary measurement procedures, the sub-sample of 5 trucks was tested on two separate occasions characterised by differing temperature profiles near the ground. It was hoped to find one occasion on which a strong negative lapse rate obtained and a second on which a temperature inversion existed.
In fact the latter condition was not found during the period available for experiment ation.
The two temperature conditions therefore both correspond with negative lapse rates, one rather stronger than the other, a>s exemplified by Figure 2 .
The temperature profiles were measured by traversing a Wallac GGA :3S thermoanemometer over a range of some 1.8m above the pavement, at intervals during the sound level measurements. Under both temperature conditions, the 5 trucks were oriented with their longitudinal centrelines perpendicular to the wind direction. Measurements were made first with one side exposed to the wind and then with the other, to provide four combinations of temperature profile and wind direction. The wind speed was approximately 4.5m/s at 1.2m above the pavement for both temperature profiles.
EXPERIMENTAL RESULTS -The results of the measurements made in accordance with SÂE J366b, SAE J1096 and CSA Z107.22 on the sample of 60 trucks are summarised in Table  A2 . The averaging procedures specified in each of the respective procedures was applied to the basic sound level observations to arrive at the tabulated values.
Thirty of the trucks were equipped with engine brakes so maximum sound levels observed during the deceleration phase of the SAE J366b procedure with engine brake engaged are shown separately for such vehicles. Tables A3 and A4 contain, respectively, the results of measurements made according to SAE J1096 and CSA Z107.22 under 4 conditions of wind and temperature gradient.
In these tables, the figures shown represent the average of the highest pair of readings that were within 1 dB of each other for a given side of the truck, temperature profile and wind direction.
The highest pair within 1 dB was selected from all four nominally similar observations for the given location and conditions to provide a uniform basis for comparing the results from the two procedures.
ANALYSIS OF RESULTS
DISTRIBUTIONS -The sound levels of the 60 trucks measured in accordance with each of the three procedures were plotted on normal probability scales to facilitate comparison of their distributions. Figure 3 shows the results for SAE J366b when maxima resulting from engine brake operation are excluded. The straight line in the figure corresponds with the mean and standard deviation of the sample.
Figures 4 and 5 show the equivalent results for SAE J1096 and CSA Z107.22 respectively.
In all cases it can be seen that the central 90 per cent of the data are fairly well represented by the normal distribution. The highest and lowest sound levels tend to depart from the linear trend of most of the data however, particularly for the two stationary procedures.
The difference in slope between the line shown and the trend of the points in the central region indicates the contributions of the outlying results at 
S4 86 SB 9 0 9 2 9 4 9 3 9 8 >00 K Ï2 LINEAR REGRESSION ANALYSES -The sound levels of the 60 trucks measured in accordance with SAE J366b were then plotted against the levels measured in accordance either with SAE J1096 or with CSA Z107.22 and straight lines corresponding with the minimum mean square error in the SAE J366b levels were fitted. Figures 6 and 7 show the results of this procedure when maxima resulting from engine brake operation are excluded. Inclusion of maxima due to engine brake operation, which were produced by twelve of the thirty trucks so equipped, does not materially alter the correlation as can be seen from Table 1 , in which the regression equations, standard errors and correlation coefficients are shown. Table  1 also includes such values for the regression of SAE J1096 sound levels on levels measured in accordance with CSA Z107.22.
It can be seen that the CSA procedure leads to standard errors that are slightly higher and correlation coefficients that are slightly lower than those resulting from the use of SAE J1096 as the predictor procedure for SAE J366b.
The Fig. 9 -Histogram of greatest differences in results for CSA Z107.22 attributable to differences in wind direction and temperature profile e effects, specifically, the conditions were examined under which the greatest differences attributable to wind direction and temperature profile occurred. If refraction effects were predominantly responsible, then the greatest differences should have occurred most frequently when both wind direction and temperature profile differed, since the two influences would then have been additive. This analysis is presented in Table 4 , where it can be seen that the greatest differences are distributed quite randomly among the three possible sets of conditions. Witjiin the limited range of the present results, Table 4 thus implies that the repeatability of neither procedure is particularly affected by refraction effects. That the observations in the stationary test were made simultaneously also enhances their correlation.
The mean differences among the sound levels measured in accordance with the three procedures for a given truck agree well with expectations.
When maxima due to eng ine brake operation are excluded, the mean difference between SAE J1096 and SAE J366b is less than 0.1 dB. Under a similar exclusion, the mean difference between CSA Z107.22 and SAE J366b is some 8.5' dB.
This may be compared with the Increment of 9 dB that would be expected to result from the difference in microphone positions, if the truck were simply a point source of broadband noise.
RUN-TO-RUN REPEATABILITY
• -The significant differences in the run-to-run repeatability of the three measurement procedures are also broadly consistent with expectations based on a number of published studies. The higher repeatability of CSA Z107.22 in comparison with SAE J1096 is attributable principally to the shorter measurement distance and the consequently smaller effect of atmospheric turbulence on the properties of the transmission path (3, 4). That SAE J1096 is more repeatable than SAE J366b may be due to a number of factors. It is evidently more difficult to repeat the more complex pass-by procedure exactly, while the additional turbulence induced by motion of the vehicle tends to increase the variability in the properties of the transmission path between vehicle and microphone (4).
In the present study, two runs for SAE J366b were made in each direction with respect to the site whereas all stationary measurements were carried out with the same vehicle orientation. Moreover the time to obtain four sets of measurements with the vehicle stationary was appreciably less than with the vehicle in motion. Relatively slow fluctuations in local environmental conditions may therefore have contributed more to the variability of the pass-by measurements than to the stationary measurements. 
EFFECTS OF WIND AND TEMPERATURE GRADIENT

FURTHER WORK
The study described in the present paper has addressed only the correlations among, and repeatability of, three measurement procedures for a sample of vehicles tested at one site.
A question of at least equal importance for regulatory purposes is the repeatability of measurements made on a given vehicle at several sites.
Further work is therefore planned to compare the site-to-site repeatability of SAE J1096 and CSA Z107.22. In particular, it will be aimed at determining whether the theoretical advantage of CSA Z107.22, in using a microphone at ground level, is realised in practice.
CONCLUSIONS
The performance of SAE RP J1096 and CSA Standard Z107.22 as predictors of the maximum exterior sound level measured in accordance with SAE RP J366b has been compared for a sample of 60 diesel trucks = It is concluded that the CSA Standard is as good a predictor of the sound level during the pass-by test as is SAE J1096.
The run-to-run repeatability of the two stationary measurement procedures has also been compared and a small but statistically significant advantage to the CSA Standard has been demonstrated.
An exploratory study of the sensitivity of both SAE J1096 and CSA Z107.22 to refraction effects induced by wind and temperature profiles suggests that neither procedure is particularly affected.
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